The wintering population of Bean Goose (Anser fabalis) at the Upo Wetland from 2005 to 2010 has been monitored by the long term ecological research (LTER) project in South Korea. The principal objective of this study was to define the primary factors determining the wintering Bean Goose population distribution in the wetland system, such as: usage pattern of habitat in and around the Upo Wetland, and departure timing related to temperature. We conducted a comprehensive literature review regarding Bean Goose population dominance in the wetland, and there was a clear tendency toward an increase in this species' dominance until 2002. The LTER monitoring data also exhibited a similar trend, but not as strongly as was seen in previous research. When the Bean Goose population arrived at the Upo Wetland, they utilized the wetland as their resting site, while they moved to other places surrounding the wetlands to forage for food sources. The flight distance of the Bean Goose for feeding ranged between ca 1 to 25 km from the Upo area. The population changes of the Bean Goose at the Upo were related to the lowest temperatures in winter (r = -0.461, P = 0.009). In particular, the lowest temperature in March was important for creating flocks of the Bean Goose before returning to the northern region. The results of this study can provide us with basic information regarding migratory bird population changes in the Upo Wetland in relation to the land use patterns of human beings, as well as meteorological variations.
INTRODUCTION
A number of factors determine migratory birds' distribution in habitats and their departure timing. Local land use patterns and global climate change have been implicated as relevant factors, occasionally resulting in losses of biological diversity (Vitousek 1994) . Global warming is also responsible for earlier breeding onset in most animals, including birds (Brown et al. 1999) . Cotton (2003) discovered evidence to suggest that global climate change has extended growing seasons, changed distribution patterns, and altered the phenology of flowering, breeding, and migration. The habitat characteristics and adjacent land use pattern play an important role in determining the composition of avian species (Lee et al. 2010) . Numerous scientific reports have recently become available worldwide; however, despite the fact that South Korean avifaunal habitats are recognized as important for migratory birds, only a small amount of systematic research has been achieved thus far.
Long-Term Ecological Research (LTER) is an ecological study approach involving the collection of both biologi-pared their departure pattern with temperature changes inter-annually. The results of this study may provide us with basic information regarding migratory bird population changes in the Upo Wetland in relation to the land use patterns of human beings and meteorological variations. The future significance of those environmental characteristics to the Bean Goose population was also discussed.
MATERIALS AND METHODS

Survey areas
The Upo Wetland is geographically located at 35°33' N, 128°25' E, and 8.7 km 2 in area size. This wetland was connected to the Nakdong River through the Topyeong Stream (Ministry of Land, Transport and Maritime Affairs 2008). The wetland system is composed of four small compartments: the Upo, Sajipo, Mokpo, and Jjokjibeol wetlands (Fig. 1) .
Survey times and observation methods
We monitored the Bean Goose population at least once per month from November 2005 to November 2010. We conducted surveys on the weekdays in order to avoid human interference factors (e.g., ecotourism etc.). If the Bean Goose population movement was investigated due to local activities such as fishing, we surveyed the population again after 2-3 days since the occurrence of interference.
We established 13 observation points for bird counts using a Spotting scope (SWAROVSKI STM 80 HD; Swalovscal entities and their surrounding environmental characteristic information quantitatively, on the basis of regular intervals and long research periods. The LTER program can provide useful information for changes not only in biological species composition but also ecosystems' changes, and allow researchers to detect the forcing variables that caused the changes by comparing the present with past information. Recently, the South Korean government initiated the LTER program to collect ecosystem information quantitatively since 2005 (Park et al. 2006 , and the distribution of migratory birds and their ecological characteristics were discovered by the program. The program focused on the Upo Wetland System, which consists of four small compartments, henceforth referred to as the Upo Wetland, in terms of avifaunal distribution.
The Upo Wetland is listed as one of the Ramsar protection sites, and is an important wetland system especially for wintering migratory birds (Kang and Hahm 1997 , Hahm and Son 1998 , Kim 2000 , Nasantogtokh 2002 ). This wetland also provides a breeding site for resident waterbirds (Lee et al. 2007) , and is a wetland habitat group consisting of the Nakdong River, including the estuary, the Junam reservoir (Hahm and Son 1998), small wetlands in the river basin (e.g., Dalsung [Kim 2005 ], Gumi), and the Andong and Imha lakes. Specific characteristics exist in each of these wetland habitats, including different farming patterns, species distribution, size of wintering groups, protection levels, etc. (Park et al. 2006 (Park et al. , 2008 , and the Upo Wetland is geographically centered in the boundary of the habitat group.
In this wetland, we selected the Bean Goose (Anser fabalis) as a target bird species for analysis of the adaptation patterns of migratory birds to current land use patterns and local meteorological variations observed as inter-annual variability. This species is a medium to large-sized goose that breeds in northern Europe and Asia (Lee et al. 2000) , and is a regular and popular visitor to the Upo (Lee et al. 2007 ). The International Union for Conservation of Nature (IUCN) Red List provides this species information at the level of least concern currently, but the species is protected as a level II endangered species by the South Korean Ministry of Environment.
In this study, we attempted to collect basic information regarding the population dynamics of the Bean Goose in the Upo Wetland. We first compared the current status of the population with that reported in the related literature in order to detect recent changes of population distribution over time. The secondary objective of this study was to determine the manner in which this species utilized the Upo Wetland as a habitat, and we finally com- 
